Abstract: Formerly, the Nzundu forest massif covered almost the two third of Kwenge and Imbongo, and a part of Kipuka districts. Nowadays, it is represented by a reduced forest fragment with a surface of about 50 to 70 hectares. The flora inventory was performed on the forest trees at dbh ≥ 10 cm, measured at 1.30 m of high at the breast height trunk, allowed to identify 134 different kinds of plants divided into 109 genera and 31 families. Fabaceae, Malvaceae, Rubiaceae, Euphorbiaceae, Moraceae, Meliaceae and Sapotaceae are the most represented families. The value of the basal area got in this forest massif is high or 49.89 m 2 .ha -1 . As to the ecological spectra and phytogeographical distribution, mesophanerophytes, sarcochores, mesophyles and the Congolian-Guinea element are the most numerous. The density of the forest trees listed in this forest massif is of 422 trunks.ha -1 . Brachystegia laurentii is the species having the highest number of feet or 11.8%. The values of Shannon and of Equitability indices calculated are of 4.7 and 0.9 respectively.
INTRODUCTION
The Nzundu forest massif is about ±8 km southeast to Kwilu Bridge on the Kikwit-Mukulu road (Batshamba). The massif in question is derived from a dense forest of Guinean mesophilic semi-deciduous and peri-Guinean mesophilic type predominantly in Brachystegia laurentii Louis ex Hoyle. Formerly, this forest covered the low slopes of the left slope overlooking Kwilu River. In the past, it extended between Kwenge sector and Kimbinga Makoloninga village in Imbongo district (Nicolaï 1963) .
Currently, this large forest has been reduced to a forest massif, now subjected to an intense human activity (as it was the case with the large forest from which it was derived) because of its proximity not only to Kikwit city with a population estimated at more than 400,000 inhabitants and a majority of small farmers but also to surrounding villages such as Giguidji, Mbundi, Kianga, Kakoy and Mbamba. Its maintenance is only due to its erection as a private farm. Due to the anthropic pressure experienced by this massif, its surface is daily more and more reduced; hence, the need of undertaking a phytoecological inventory. In order to preserve, protect and better manage it, a thorough study of its various components (flora, specific diversity, structure, etc.) is necessary. This concern integrated into the process (REDD + ). That is the reason why this phytoecological study was undertaken. Different parameters considered in this survey were: structure, basal area, density, dominance, frequency as well as ecological and phytogeographic spectra. This survey is significant especially for ecologists at this time where climate change is a global concern. In fact, this massif forest with its florisitic cortege plays somewhat a role in the regulation of temperature which exceeds more than 2°C according to many specialists. Data used to write this paper are based on observations made between 2010 and 2012 in a series of studies carried out in various forested areas located in the interland of Kikwit city following a degradation to which they are currently subjected.
MATERIAL AND METHODS

Study area
The Nzundu forest massif is located between Giguidzi-Mbundi and Kianga villages in Imbongo district. It is at least 8 km far from Kwilu Bridge and 3 km upstream of Mwebe bridge (Fig. 1) . Physically, this forest massif which already undergoes aggressions from villagers and the population of the semi-rural of Kikwit city is dominated by Brachystegia laurentii Louis ex Hoyle along with Pterocarpus mildbraedii Harms. 
Data sampling and analysis
A 1 Km long transect (divided into two sections of 10 m large and 500 m long) was drawn along which, dbh ≥ 10 cm, of trees were measured on both stretches. All species with dbh ≥ 10 cm were inventoried within each delimited portion. The identification of collected specimens was performed using the flora of Central Africa (consisting of 10 volumes and numerous fascicules) and in comparison with concerned herbarium specimens at the Herbarium of the Department of Biology (Faculty of Sciences, University of Kinshasa).
Arborescent tree density was evaluated for all trees having a diameter of 1.30 m at breast height >10 cm, present in various surveys. Basal area (BA), which is the sum of the sections of trunks at 1.30 cm above the ground or 30 cm above tree spur, expressed in m 2 /ha, was calculated for all trees having a breast height diameter (dbh) >10 cm, according to the following formula:
The total basal area of phytocenosis and/or any forest is obtained from the sum of areas of all trees of which dbh is greater than a given value (Shaumba et al. 2016 ). In the current study, all trees of dbh >10 cm were considered.
The circumference of trees was directly measured by considering the cylindrical or conical drums. Using the following mathematical formula, different values of dbh was deduced, C = π x d (2), Henceforth,
Where, C = circumference and d: diameter
Relative dominance (expressed in percentage) was calculated using the formula:
Where, BA= basal area.
We used the following formula to calculate the relative Frequency:
Where, b = number of feet / ha for each species; bt = total number of individuals inventoried.
Concerning the relative importance (h) of various species, the following formula was used:
where, e = relative density; f = relative dominance and g = relative frequency.
As for the diversity of flora, we used the Shannon diversity index for its interpretation: ISH = -Σpi ln pi (7) This formula was given by PAST software where: pi, effective species, i and n total number of species.
Equitability (EQ) was established according to the following mathematical relationship:
Where, H + = regularity and Hmax = maximum diversity.
Concerning diameter classes, the diameters of all species at dbh ˃ 10 cm, present in the various surveys, were measured using a tape measure and grouped into different classes. Different eco-sociological groups were distinguished on the basis of works of numerous authors (Masens 1997 , Shaumba et al. 2017 . The types of foliar dimensions were defined from the Raunkiaer classification (Habari 2009 , Belesi 2009 ). For the types of phytogeographical distribution, we focused on the major chorological subdivisions of Africa (White 1983 (White , 1992 . As for the life forms (LF), we used the Raunkiaer classification adapted to the tropical regions (Habari 2009 , Belesi 2009 ). As far as the types of dissemination of diaspores are concerned, we were inspired by the works of Masens (1997) .
RESULTS
Phytodiversity measure
The areal richness of Nzundu forest massif of dbh ≥10 cm species measured at 1.30 m breast height is of 134 woody plant species. Of these, five species have a dbh >70 cm; these are Brachystegia laurentii Louis ex Hoyle (Table 1) . These 134 species are grouped in 31 families and 109 genera. The following families are best supplied with species: Fabaceae (30 species), Malvaceae (12 species), Rubiaceae (11 species), Euphorbiaceae (9 species), Moraceae (8 species), Sapotaceae, Annonaceae and Clusiaceae with 6 species each. These families alone account for 66.4% of all the species of the studied flora. As for the 23 other families, they contain 33.5% of the total species inventoried in this forest massif. Of these, 16 families are monospecific, representing 11.9% out of the total. Note: A = total number of trunks in transect for each species; B = number of trunks/hectares for each species, or a × 2; C = average dbh (m); D = basal area (m 2 ); E = relative density (%); F = relative dominance (%); G = relative frequency (%); H = relative importance (%). 
Basal area
The density of taxa
The density of woody species in the Nzundu forest massif is of 422 feet per ha. This set is distributed in 366 stems.ha -1 for species with dbh ≤49.9 cm and 56 trees for species with dbh ≥50 cm (including 5 to dbh >70 cm). 
Relative frequency
As for the relative frequency calculated for species with dbh ≥10 cm, the most important values obtained are for the following species: Brachystegia laurentii Louis ex Hoyle (5.13%), Prioria balsaminfera (Vermoesen) Breteler (2.56%), Pterocarpus mildbraedii Harms (3.21%) and Staudtia kamerunensis Warb. (2.56%) ( Table 1) .
Relative importance
The highest values of relative importance, calculated for dbh ≥10 cm, were observed in four species (Brachystegia laurentii Louis ex Hoyle -14.63%, Pterocarpus mildbraedii Harms -3.70%, Prioria balsaminfera (Vermoesen) Breteler -3.27% and Staudtia kamerunensis Warb. -3.00%) and the lowest in one species (Copaifera mildbraedii Harms with 0.55%). The considered diameter classes (grouped from table 1), collect the values in dbh groups of 20 cm intervals, i.e. 10-29.9 cm; 30-49.9 cm; 50-69.9 cm; >70 cm. Fig. 2 shows that the curve of the species obtained has a hyperbolic appearance with a decrease in the number of trunks for the high dbh classes. The curve representing the trend of the basal area as a function of the diameter classes has a curvilinear shape. It is observed that the highest values of this basal area were obtained in the emergent and the smallest in the dbh range between 10 and 29.9 cm. The analysis of life forms shows the predominance of mesophanerophytes (MsPh) species (56%); followed by megaphanerophytes (MgPh) species (36.6%) but Microphanerophytes (McPh) and nanophanerophytes (NnPh) are poorly represented as 6.7% and 0.7% respectively. With regard to the dissemination of diaspores, sarcochors (Sar) form the most abundant group (70.1%); then come next H and far behind this group, Ballochores (Bal) and Pterochores (Pte) with 17.2 and 10.4% respectively of the total. Sclerochores (Scl) are very poorly represented (2.2%). As for the types of the foliar dimensions, the mesophyl (Me) species predominate and constitute ~94% of the total of the inventoried plants. On the other hand, microphyl (Mi) species are very poorly represented (~5%) ( Table 2 ). The Shannon index (ISH) calculated for all the 134 species listed is of 4.77 and the Equitability is of 0.97 (Table 3) . 
Distribution of the frequencies of different classes of diameters and the trend of the basal area
Ecological spectra
Types of phytogeographical distribution
The Guinean base element (GC, CG and FC) is the most abundant; it accounts 90.1% of the total of species listed. In this basic element, Guineo-Congolian (GC) species are the most numerous (51.9%) followed by CG (29.8%) and FC (8.4%). Afro-tropical (At) species are relatively well represented (9.9%). This shows the sign of degradation of this forest massif. Three taxa could not be determined to the species (Table 2) .
Eco-sociological groups
Three eco-sociological groups have been identified. Among them, the species of Strombosio-Parinarietea (SP) are the most abundant. They make up 81.3% of all the species listed in the Nzundu forest bulb. The species belonging to Musango-Terminalietea (MT) are relatively well represented (15.7%). Their significant presence already demonstrates sufficiently the state of degradation that currently characterizes this forest. Those of Halleeteae (H) are very weakly represented (3%) ( Table 2) .
DISCUSSION
The Nzundu forest massif is part of the Guinean and Peri-guinian semi-deciduous tropical rainforests. It differs from that of Kamaba (Masens 2015) by the high frequency of Brachystegia laurentii and the total absence of certain noble species like Millettia laurentii However, these two forest massifs share a number of plant species: Celtis mildbraedii, Piptadeniastrum africanum, Prioria balsamifera, Pterocarpus mildbraedii etc. Unlike the Kamaba forest which gathered 155 different plant species while the Nzundu forest massif has only 134 species. The 134 species are divided into 31 families and 109 genera. Fabaceae (25 genera), Rubiaceae (10 genera), Euphorbiaceae (8 genera), Sapotaceae (7 genera), Annonaceae, Malvaceae, Meliaceae and Moraceae with 6 genera each. The most supplied genera in species are: Cola (5 species), Celtis and Dialium with each 4 species and 4 genera each have 3 species. These include Ficus, Garcinia, Pentadesma and Pterocarpus. Compared to what was observed in some forests studied in the tropics; these results are in the same order of magnitude as those obtained in these various plant formations (Bosanza et al. 2017) . Species of Kamaba phytocenosis have a high proportion of trees with dbh measured at 1.30 m at breast height >30 cm. Thus, it presents a curve with concavity facing downwards and the shape of this curve would undoubtedly explain a rather remarkable presence of heliophilous species (Rollet 1969) , while those of the Nzundu forest massif show a large proportion of large trees at dbh ≥50 cm. Their distribution follows a curve of which concavity is oriented upwards. According to the same authors, this demonstrates the presence of a large number of shade species. Therefore, it is possible to paraphrase some authors (Lomba et al. 2017 ) that the dbh of Nzundu phytocenosis trees, measured at 1.30 m, increases with the evolution of vegetation. Among the families listed in this forest massif, we have Fabaceae, Malvaceae, Rubiaceae, Euphorbiaceae, Meliaceae, Moraceae, Sapotaceae, Annonaceae and Clusiaceae which are the most supplied in plant species (Table 2) . Apart from Myristicaceae family, these results are similar to those obtained by Masens (2015) in the Kamaba forest massif in the lower Kasaï vegetation in the Democratic Republic of the Congo (Belesi 2009 ). According to Kambale et al. (2017) , the basal area is a parameter commonly used to distinguish plant formations from the mainland. ) as observed by Golley et al. (1969) , India (59.6 m 2 .ha -1 ) as observed by Bajpai et al. (2012) and slightly higher than the one obtained by Mosango (1990) in the evergreen rainforest (Kongolo island/Kisangani). For biological spectra, chorological types and phytogeographic status, mesophanerophytic and megaphanerophytic species predominate (92.4%). The sarcochorous and mesophyl species are the most abundant, with 70.1 and 94.8% respectively; the Guinean base element being the most predominant, accounting for ~90% of all inventoried species. All these results are in the same order of magnitude as those obtained in various tropical and intertropical forests as described in previous studies (Lejoly 1995 , Belesi 2009 , Masens 2015 , Shaumba et al. 2017 , Lomba et al. 2017 .Concerning the relative frequency, Brachystegia laurentii reaches 5.1% followed by three other species: Pterocarpus mildbraedii (3.2%), Prioria balsamifera and Staudtia kamerunensis with 2.5% each.
As for relative dominance, Brachystegia laurentii is the most important (26.9%). Baillonella toxisperma and Bosqueiopsis gilletii had a relative dominance of more than 3%. It is again the species Brachystegia laurentii which reaches a value of the highest relative importance (14.6%), followed by three other species: Pterocarpus mildbraedii, Prioria balsamifera and Staudtia kamerunensis gave values above 3% (Table 1) . These results go along with those obtained in the Ngoto forest (Lejoly 1995) . It is clear that Brachystegia laurentii is the only species that has exhibited large proportions of the values of different parameters considered in this study, contrary to what was observed in the Kamaba forest massif (Masens 2015) .
Finally, the high values of Shannon and Equitability indices can mean either a high specific richness due to a high presence of rare species (species having only one individual) or diversity due to a regular distribution of individuals between species or a high number of individuals in the observed distribution. The value of the calculated Shannon index is 4.77. This value approximates the maximum diversity (4.90), which means that diversity is important. That of Equitability is 0.97, which reflects the regularity in terms of the distribution of individuals within the species. These values are in the same order of magnitude as those found by Sokpon (1995) in the Strombosia glauscens and Triplochiton scleroxylon and Dialium guineense and Triplochiton scleroxylum forests in Benin.
CONCLUSION
The study on the floristic inventory and some ecological parameters carried out in Nzundu forest massif showed that this phytocenosis presents a moderately appreciable specific richness (134 species). The regressive evolution observed within this phytocenosis is triggered with extreme rapidity by the slaughter and the reckless clearing of trees more or less isolated and/or grouped and this by severe depredations, which are currently inflicted on them. Even if these degradable practices had always existed in the past, they had never, according to villagers surveyed, reached such a degree of acuity due to the high concentration of the population around this forest massif. Considering woody species, species with dbh ≤ 49.9 cm showed a high specific richness compared to trees with dbh ≥ 50 cm. The diameter distribution of species in this forest ecosystem is of the hyperbolic type and having high basal area (49.89 m 2 .ha -1 ), located at the extreme top of the range of 23-50 m 2 .ha -1 established for Equatorial forests. This basal area was 23.46 m 2 .ha -1 for trees at dbh ≤ 49.9 cm and 26.37 m 2 .ha -1 for emerging species at dbh ≤ 50 cm. In view of this basal area value, we can ascertain that Nzundu phytocenosis was in the recent past a mature and reworked forest. Currently this forest is under unprecedented pressure because of its proximity to the urban-rural city of Kikwit. The population of this city and its surroundings, composed of 2/3 of the farmers and charcoal burners, has largely destroyed this forest leaving only a few hundred hectares of m 2 .
The density of species measured at 1.30 m was of 422 trunks.ha -1
, divided into 366 trunks.ha -1 for trees at dbh ≤ 49.9 cm and 56 trunks.ha -1 for dbh ≥ 50 cm. Fabaceae, Malvaceae, Rubiaceae and Euphorbiaceae were the syntaxa accounting for the largest number of species and in addition to these families, Sapotaceae, Meliaceae, Moraceae and Clusiaceae, collected a large number of trunks.ha -1 . The calculated Shannon and Equitability indices for this phytocenosis oscillated around 4.77 for the first and 0.97 for the second.
